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CARDIAC DEFIBRILLATOR INCLUDING AN
ELECTRONIC ENERGY TRANSFER CIRCUIT

FIELD OF THE INVENTION

The present invention relates to energy transfer cir-
cuits 1n general and, in particular, to an energy transfer
circuit for use in a cardiac defibrillator that includes a
solid state switch and a current shunt to divert leakage
current of the switch away from a pair of defibrillation
electrodes.

BACKGROUND OF THE INVENTION

One of the most common and life-threatening heart
irregularities 18 ventricular fibrillation in which the
heart is unable to pump a significant volume of blood.
When such an irregularity occurs, serious brain damage
and death will invariably result unless a normal heart
rhythm can be restored within a few minutes. Ventricu-
lar fibrillation can occur as a result of a heart attack but
may also be caused by accidental electric shock or due
to severe stress, such as may accompany surgery,
drowning or the like.

The most effective treatment for restoring a normal
rhythm to a heart muscle experiencing ventricular fi-
brillation 1s the application of a strong electric shock to
the victim using a cardiac defibrillator. Cardiac defibril-
lators are medical devices for producing and delivering
such shocks and have been successfully used for many
years.

 Conventional external cardiac defibrillators accumu-
late an electric charge on a storage capacitor and, when
a switching mechanism i1s closed. transfer the stored
energy in the form of a large current pulse to a patient.
The switching mechanisms used in most defibrillators
comprise heavy-duty electro-mechanical relays. Tvpi-
cally, the relays are responsive to a discharge control
signal that actuates the relay to complete an electrical
circuit between the storage capacitor, a waveshaping
network, and a pair of defibrillation electrodes attached
to the patient.

The cardiac defibrillation pulse, which is delivered to
the patient by an energy transfer circuit that includes a
electro-mechanical relay, generally comprises a single
pulse having a damped sinusoidal shape that starts when
the relay closes. Alternately, a cardiac defibrillation
pulse may have an exponential shape that starts when
the relay contact closes and stops when the relay
contact opens. However, it has been found that other
types of defibrillation currents may be more effective in
terminating ventricular fibrillation. For example, it may
be beneficial to apply a series of cardiac defibrillation
current pulses to the patient in rapid succession, or it
may be beneficial to maintain the magnitude of the
defibriliation current flowing through the patient at a
specific level. The use of electro-mechanical relays in
an energy transfer circuit do not allow such types of
defibrillation currents to be applied to the patient be-
cause the relay contacts cannot be switched closed and
open fast enough. This slow response time does not
allow the use of feedback signals obtained from the
patient to be used in controlling the amount of energy
delivered. Therefore, what is needed is an energy trans-
fer circuit that can replace the electro-mechanical re-
lays with a fast acting solid state switching device.

The problem with using solid-state switching devices
in a cardiac defibrillation circuit i1s that such devices
allow a certain amount of leakage current to flow even
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2
when the devices are in a nonconducting state. Hereto-
fore, safety reasons have made it impractical to use
solid-state circuitry devices in a cardiac defibrillator
circuit without the additional isolation of electro-
mechanical relays.

Therefore, it is desirable to provide an energy trans-
fer circuit that employs a solid state switch in combina-
tion with a current shunt which can divert the leakage
current away from the patient electrodes until a defibril-
lation pulse is delivered to the patient.

It 1s also desirable to provide an energy transfer cir-
cuit including a feedback control to regulate the deliv-
ery of a cardiac defibrillation pulse to the patient.

Finally, it 1s desirable to provide an energy transfer

circuit that can deliver predetermined defibrillation
current waveforms to the patient.

- SUMMARY OF THE INVENTION

The invention pertains to an energy transfer circuit
for delivering a cardiac defibrillation pulse to a patient.
The energy transfer circuit comprises an energy storage
capacitor for storing an electric charge before the defi-
brillation pulse is delivered to the patient and electronic
switch means coupled to the storage capacitor for con-
trolling the delivery of a defibrillation pulse to a pair of
electrodes disposed on the patient. A controller means
Is provided to control the electronic switch means.
Current shunt means coupled to the electronic switch
means diverts a leakage current flowing through the
electronic switch means away from the pair of elec-
trodes until the electronic switch means begins the de-
livery of the cardiac defibrillation pulse to the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a cardiac defibrillator,
including an energy transfer circuit according to the
present invention;

FIG. 2 is an electrical schematic diagram of a defibril-
lator circuit that includes a first embodiment of the
energy transfer circuit according to the present inven-
tion;

FIG. 2A 1s an electrical schematic diagram of a defib-
rillator circuit including a second embodiment of the
energy transfer circuit according to the present inven-
tion; FIG. 2B is an electrical schematic diagram of a
defibrillator circuit including a third embodiment of the
energy transfer circuit according to the present inven-
tion: -

FIG. 3 is an electrical schematic diagram of a defibril
lator circuit that includes a fourth embodiment of the
energy transfer circuit according to the present inven-
tion:

FIG. 4 1s an electrical schematic diagram of a defibril-
lator circuit that includes an energy transfer circuit
according to the present invention, including a current
controlled feedback network;

FIG. 5 i1s an electrical schematic diagram of a defibril-
lator circuit that includes an energy transfer circuit
according to the present invention including a voltage
controlled feedback network: and | |

FIG. 6 1s a graph showing a selected defibrillation
current waveform that is delivered to a patient and
other related waveforms used in the energy transfer
circuit, as a function of time.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows a cardiac defibrillator 10 that includes
an energy transfer circuit 40 according to the present
invention. A defibrillation voltage generator 12 pro-

duces a high voltage electrical signal, typically greater
than 2,500 volts, which is transferred on a lead 14 to an

energy storage capacitor 16. The energy storage capaci-
tor 16 is coupled by a lead 18 to an energy transfer
circuit 40. A control circuit 20, which preferably com-
prises a microprocessor (not separately shown), trans-
mits a shock signal on a lead 22 to the energy transfer
circuit 40. The shock signal causes the energy transfer
circuit 40 to transmit a cardiac defibrillation pulse to a
patient 50 which is shown as an electrical resistance.
The cardiac defibrillation pulse flows from the energy
storage capacitor 16 through a lead 54a to an electrode
52a, through the patient 50, and returns through an
electrode 52b and a lead 540b.

An input port 30 allows an operator of the cardiac
defibrillator to manually control the time at which the
energy transfer circuit 40 delivers a cardiac defibrilla-
tion pulse to a patient 50 by triggering a shock signal on
a lead 32. The shock signal is transmitted from the input
port 30 to the control circuit 20 on leads 38. The cardiac
defibrillator 10 can also automatically determine when a
cardiac defibrillation pulse 1s needed by analyzing an
electrocardiogram (ECG) signal received from the pa-
tient.

A set of ECG electrodes 35 placed on the patient 50

transmits electrocardiological signals from the patient
over leads 36 to an ECG monitor 34. The ECG monitor
34 in turn transmits an ECG signal proportional to the
patient’s electrocardiological signals to the control cir-
cuit 20 on the leads 38. The control circuit 20 is prefera-
bly programmed to indicate to the defibrillator operator
that a defibrillation pulse 1s needed when the occur-
rence or nonoccurrence of a particular portion of the
ECG signal 1s detected, as is well known to persons
skilled in the medical electronics art.

A display 26 provides the defibrillator operator with
information regarding the ability of the defibrillator to
deliver a cardiac defibrillation pulse, as well as display-
ing physiological data from the patient 50, such as heart
rate, blood pressure, etc. The control circuit 20 1s con-
nected to the display 26 by leads 28.

FIG. 2 is a schematic diagram showing how the en-
ergy transfer circuit 40 delivers energy from the energy
storage capacitor 16 to the patient 50. For the purposes
of the present specification, the term *‘energy transfer
circuit 40" is defined to include: a solid state switch 42,
a current shunt 56 and a pair of spark gaps 46a and 465
of the energy transfer circuit 40 as shown in FIG. 1.
Energy transfer circuit 40 1s coupled to the energy
storage capacitor 16 which stores the electrical energy
of the cardiac defibrillation pulse before it is delivered
to the patient 50. The solid state switch 42 has an input
terminal 42a connected to energy storage capacitor 16,
a control input terminal 426 coupled to lead 22 and an
output terminal 42¢ connected to a patient path shown
generally at 44 that includes the patient 50. A shock
signal transmitted from the control circuit 20 on lead 22

causes solid state switch 42 to pass current from energy

storage capacitor 16 to the patient 50. In the preferred
embodiment, switch 42 comprises either a high current
capacity FET transistor or a plurality of transistors (not
shown) that are connected in parallel, in series, or in a
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series-paralle] combination between the energy storage
capacitor 16 and the patient 50. However, other types
of solid state devices (also not shown) such as SCRs,
solid state relays, or electronic switches capable of con-

ducting high levels of current may be used for solid
state switch 42. |

The pair of spark gaps 462 and 46b are connected in
series with the pair of patient electrodes 52a¢ and 5254 and
the patient 30 to form the electrical path, which for the
purposes of the present specification is called the patient
path 44. Electrical current flows across the spark gaps
46a and 460 when a sufficiently high voltage signal is
applied to them. As discussed above, the problem with
using a solid state device for the solid state switch 42 is
the fact that a certain amount of leakage current flows
through the solid state switch 42 even when a defibrilla-
tion pulse 1s not being delivered to the patient. If this
leakage current is not shunted away from the patient
path 44, the patient may receive an unknown and vari-
able level of leakage current. Therefore, the current
shunt 56 1s placed in parallel with the patient path 44 to
divert the leakage current away from the patient path
until a defibrillation pulse is delivered. Preferably, cur-
rent shunt §6 has an impedance such that the potential
developed across 1t due to the leakage current is not
high enough to trigger the spark gaps 464 and 46b when
the solid state switch 42 is in a nonconducting state.
However, when the solid state switch 42 is operating in
a conducting state, the impedance of current shunt 56
increases to become substantially greater than the impe-
dance of the patient path 44. If the energy transfer cir-
cuit 40 is designed without spark gaps, then the impe-
dance of the current shunt 56 should be chosen to have
a value substantially less than the impedance of the
patient path 44 in order to reduce the level of leakage
current that flows through the patient to an acceptable
level.

In the preferred embodiment, the current shunt 56
comprises a thermistor having a positive temperature
coefficient, 1.e., an impedance that increases with the
temperature of the device. Therefore, when solid state
switch 42 is operating in the nonconducting state, the
current shunt 56 1s cool and has a resistance low enough
to prevent triggering the spark gaps 46a and 465,
thereby diverting the leakage current away from patient
path 44. When switch 42 begins conducting a defibrilla-
tion puise between energy storage capacitor 16 and the
patient path 44, a high current initially flows through
the current shunt §6. As a result, the temperature of the
current shunt 56 rapidly rises and its impedance in-
creases to a level substantially greater than the impe-
dance of the patient path 44, thereby directing most of
the current of the defibrillation pulse to flow through
the patient path 44.

Other types of devices may be used for the current
shunt §6. For example, a fixed resistor 59, as shown in
FIG. 2A could be used, as well as an inductor or an
electronic component, such as a transistor 61, as shown
in FIG. 2B. If a fixed resistor is used for the current
shunt 56, the resistance must be chosen so that the elec-
trical potential produced by the leakage current is less
than the potential required to trigger the spark gaps. If
a transistor 1s used, it must operate in a conducting state
when solid state switch 42 is operating in a nonconduct-
Ing state, and must operate in a nonconducting state
when solid state switch 42 is operating in a conducting
state. The problem with using a transistor for current
shunt 86 is that the transistor must be able to handle
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voltages in the range of 2,500-3,000 volts without
breaking down: The use of a thermistor for the current
shunt 56 is preferable due to its ability to withstand
large voltage potentials and because no additional con-
trol circuitry is required to ensure that i1t 1s conducting
when switch 42 is operating 1n a nonconducting state.

FIG. 3 shows a fourth embodiment of the energy
transfer circuit 40’ according to the present invention.
The fourth embodiment of the energy transfer circuit 1s
the same as the energy transfer circuit shown in FIG. 2
except that a diode 58 connected between terminal 42¢
and a ground lead 23, have been added an inductor 60
connected between terminal 42¢ and a node 57 and a
capacitor 62 connected between node 57 and the
ground lead 23. Diode 58, inductor 60 and capacitor 62
serve to filter and smooth the cardiac defibrillation
pulse that is delivered to the patient 50.

F1G. 4 shows a fifth embodiment of an energy trans-
fer circuit 40", similar to that described in FIG. 3, ex-
cept that the fifth embodiment of the energy transfer
circuit includes a current sensor 64 disposed in series in
the patient path 44 and an isolation amplifier 68. Current
sensor 64 generates a current signal indicative of the
magnitude of the current flowing in the patient path 44.
The current signal is input to an isolation amplifier 68
on a lead 66. An output signal of buffer amplifier 68 is
applied to the control circuit 20 on a lead 70. The con-
trol circuit 20 is programmed to control the operation
of solid state switch 42 in response to the level of cur-
rent flowing in the patient path 44. For example, if the
current flowing in the patient path 1s too high, then the
control circuit 20 opens the switch 42, interrupting the
current flowing into the patient path. In this way, the
control circuit 20 controls the amount of energy in the
cardiac defibrillation pulses delivered to the patient
based on the level of current flowing through the pa-
tient. As has been previously stated, if electro-mechani-
cal relays were used for solid state switch 42, it would
not be possible to regulate the amount of energy trans-
ferred to the patient 50 using such a feedback arrange-
ment, because an electro-mechanical relay takes too
long to open and close. By the time the relay could be
opened, the entire cardiac defibrillation pulse would
have been delivered to the patient.

FIG. 5§ shows a sixth embodiment of an energy trans-
fer circuit 40""" according to the present invention. The
sixth embodiment of the energy transfer circuit 40" is
the same as the energy transfer circuit 40" shown in
FIG. 4 except that a voltage sensor 72 and an isolation
amplifier 76 have been substituted in place of the cur-
rent sensor 66 and the isolation amplifier 76. The volt-
age sensor 72 that i1s connected in paraliel with the
electrodes 52a and 52b. The voltage sensor 72 produces
a voltage signal that is proportional to the magnitude of
the voltage between the patient electrodes §2a and 320.
The voltage signal is transferred to the isolation ampli-
fier 76 on a lead 74. An output signai of isolation ampli-
fier 76 is applied to the control circuit 20 on a lead 78.
The control circuit 20 is programmed to control the
transfer of energy between the energy storage capacitor
16 and the patient 50 based on the magnitude of the
voltage signal produced by voltage sensor 72. By pro-
gramming control circuit 20 to ntegrate the voltage
signal received from isolation amplifier 76, an estima-
tion can be made of the amount of energy delivered to
the patient 50. If the energy delivered exceeds a prede-
termined level, control circuit 20 opens solid state
switch 42, thereby interrupting the transfer of energy
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between energy storage capacitor 16 and the patient 50.
Although the energy transfer circuits 40" and 40’ show
only a current sensor 64 or a voltage sensor 72, those
skilled in the art will realize that an energy circuit could
contain both a current and a voltage sensor. By sensing

signals proportional to the level of current and the mag-

nitude of the voltage applied to the patient, the control
circult 20 can be programmed to closely regulate the
amount of electrical energy applied to the patient 50.
Another benefit of using a solid state device for solid
state switch 42, aside from allowing feedback control of
the defibrillation pulse, is the ability of the cardiac de-
fibrillator to deliver defibrillation currents of arbitrary
shape and duration to the patient. F1G. 6 shows how the

‘energy transfer circuit, as shown in FIG. 4, operates to

deliver a cardiac defibrillation waveform having a sinu-
soidal shape to the patient. The characteristics of a
desired defibrillation waveform 100 are preferably
stored 1n a memory circuit (not shown) that is included
within the control circuit 20. Control circuit 20 operates
to control the solid state switch 42 so that a defibrilla-
tion current corresponding to the shape of the desired
defibrillation current 100 flows through the patient. The
control circuit 20 outputs a pulse width modulated sig-
nal 110 on lead 22 that causes the solid state switch 42 to
deliver pulses of energy to the patient in order to create
the desired defibrillation current.

In the preferred embodiment, the maximum width of
the pulses of the output signal 110 produced by the
control circuit 20 1s fixed at tz. The control circuit com-
pares the desired shape of current waveform 110 to the
actual current, iy(t) (represented by a waveform 116)
which 1s flowing through the patient as sensed by the
current sensor 64. Control circuit 20 uses pulse width
modulation to control the magnitude of current i, flow-
ing through the patlent For example, if the actua] cur-
rent, 1, 116 at time t, 1s less than the desired current in
waveform 100, the pulse width of the control circuit
output signal 110 1s increased. If the actual current, ip
116, 1s greater than or equal to the desired current, then
the pulse width of the output signal 110 is decreased. As
shown by waveform 116, at an initial time t, the level of
current flowing through the patient is zero, and the
pulse width of the control circuit output signal 110 is a
large percentage of the maximum pulse width tg. At a
time t3, the voltage on the smoothing capacitor 62
(shown by waveform 114) increases to a level high
enough so that the spark gaps 46ac and 465 begin con-
ducting and current begins to flow through the patient.
At a time t3, the actual current i, 116 flowing through

‘the patient and the desired defibrillation current 100 are

~at a maximum, so the control circuit 20 begins to de-

33
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crease the pulse width of the pulses in output signal 110.

Finally, at a time t4, the desired defibrillation current
1S near a minimum, so that the width of the pulses in the
control circuit output signal 110 are also a minimum. As
can be seen, the shape of the actual current i, 116 flow-
ing through the patient closely approximates the shape
of the desired defibrillation current waveform 100. The
fluctuations shown in the diagram are for illustrative
purposes and more closely approximate the desired
waveform in the actual instrument. Although the above
description has been made with respect to the energy
transfer circuit shown in FIG. 4, those skilled in the art
will realize that the circuit shown in FIG. 5 operates to
deliver a desired defibrillation waveform in nearly the
same manner with the exception that the energy trans-
fer circuit in FIG. § uses voltage controlled feedback
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instead of current controlled feedback. Using the feed-
back arrangement shown in either FIG. 4 or FIG. §, it
is possible to deliver a cardiac defibrillation current of
almost any shape to the patient. For instance, the shape
of the defibrillation current may be continually adjusted
to maintain the current at a specific level throughout
the duration of the defibrillation pulse. This technique,

which 1s known as ‘‘current dose™ defibrillation, is not
possible when electro-mechanical relays are used due to
the slow response time of such relays. Additionally,
waveshapes may be driven to either polarity by the
addition of a bridge network (not shown) in the output
stage.

Although the present invention has been described
with respect to the preferred embodiments, those skilled
in the art will realize that changes could be made with-
out departing from the spirit and scope of the invention.
Therefore, it is intended that the scope of the invention
be determined solely by reference to the following
claims.

The embodiments of the invention in which an exclu-
sive property or privilege 1s claimed are defined as
follows:

1. A defibrillator circuit for delivering a cardiac defi-
brillation pulse to a pair of defibrillation electrodes that
are applicable to a patient, comprising:

an electrical energy source for supplying electrical

energy required to defibrillate the patient;

an energy source means for storing the electrical

energy before the cardiac defibrillation pulse is
delivered to the patient;
electronic switch means coupled to the energy stor-
age means for controlling the delivery of the car-
diac defibrillation pulse from the energy storage
means to the pair of defibrillation electrodes;

controller means for controlling the electronic switch
means; and

current shunt means coupled to the electronic switch

means, for shunting a portion of any leakage cur-
rent that flows through the electronic switch
means until the controller means deliver the car-
diac defibrillation pulse to the pair of defibrillation
electrodes.

2. The energy transfer circuit as in claim 1, wherein

the electronic switch means comprises at least one tran-.

sistor connected in series between the energy storage
capacitor and the pair of defibrillation electrodes.

3. The energy transfer circuit as in claim 1, wherein
the current shunt means comprises a current shunt resis-
tor that 1s disposed in parallel with the pair of defibrilla-
tion electrodes, wherein the current shunt resistor has a
positive temperature coefficient.

4. The energy transfer circuit as in claim 1, wherein
the current shunt means comprises a thermistor.

8. The energy transfer circuit as in claim 1, wherein
the electronic switch means comprises at least one field
effect transistor connected in series between the energy
storage means and the pair of defibrillation electrodes.

6. The energy transfer circuit as in claim 1, further
comprising:

a current sensor connected in series with the pair of

defibrillation electrodes, wherein the current sen-
sor generates a current signal indicative of the level
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of a defibrillation current flowing through the pa-

tient, and wherein the controller means is con-
nected to receive the current signal and controls
the electronic switch means in response to the cur-
rent signal.
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7. The energy transfer circuit as in claim 1, further

comprising:

a voltage sensor that generates a voltage signal pro-
portional to the magnitude of the voltage of the
defibrillation pulse applied to the patient, wherein
the controller means is connected to receive the
voltage signal and controls the electronic switch

means 1n response to the voltage signal.
8. The energy transfer circuit as in claim 1, wherein

the current shunt means comprises a transistor that
operates in an ON state and an OFF state, such that
before the defibrillation pulse is delivered to the patient,
the transistor operates in the ON state in order to shunt
the leakage current, and operates in the OFF state when
the cardiac defibrillation pulse is being delivered to the
patient. |

9. The energy transfer circuit of claim 1, wherein the
current shunt comprises a resistor having a fixed resis-
tance.

10. The energy transfer circuit of claim 1, further
comprising: |

a current sensor coupled to the controller means that
generates a current signal indicative of the level of
current flowing through the patient:

a voltage sensor coupled to the controller means that
generates a voltage signal indicative of the voltage
of the defibrillation pulse applied to the patient;

wherein the controller means controls the electronic
switch means to regulate an amount of electrical
power delivered to the patient as a function of the
current and voltage signals.

11. A cardiac defibrillator circuit for delivering a
cardiac defibrillation pulse to a patient through a pair of
defibrillation electrodes comprising:

an electrical energy source for supplying electrical
energy to defibrillate the patient;

an energy storage means for storing the electrical
energy before the cardiac defibrillation pulse is
delivered to the patient;

a switch disposed between the energy storage means
and the pair of defibrillation electrodes, wherein
the switch is nonconducting when a defibrillation
pulse 1s not being delivered to the patient and con-
ducting at least a portion of the time while the
cardiac defibrillation pulse is being delivered to the
patient;

a switch controller for controlling the switch: and

a current shunt that diverts a portion of a leakage
current flowing through the switch when it is nom-
inally nonconducting away from the pair of defi-
brillation electrodes.

12. The energy transfer circuit as in claim 11, further
comprising a pair of spark gaps disposed in series with
the pair of defibrillation electrodes, wherein the current
shunt is disposed in parallel with the pair of spark gaps
and wherein the current shunt has a variable impedance
that 1s less than the impedance of the pair of spark gaps,
the pair of defibrillation electrodes and the impedance
of the patient when the switch is nonconducting and
greater than the impedance of the pair of spark gaps, the

~pair of defibrillation electrodes and the impedance of

the patient when the switch is conducting.

13. The energy transfer circuit as in claim 12, wherein
the current shunt comprises a thermistor having a posi-
tive temperature coefficient.

14. The energy transfer circuit as in claim 12, wherein

- the switch comprises at least one transistor connected in



5,222,492

9

series between the energy storage capacitor and the pair
of defibrillation electrodes.

15. The energy transfer circuit as in claim 12, further
comprising: an inductor disposed in series between the
switch and the pair of defibrillation electrodes and a
smoothing capacitor connected in parallel with the
current shunt. |

16. The energy transfer circuit as in claim 11, further
comprising a current sensor coupled to the switch con-

troller for generating a current signal proportional to.

the magnitude of a defibrillation current flowing
through the pair of defibrillation electrodes.

17. The energy transfer circuit as in claim 16, wherein
the switch controller is connected to receive the current
signal and controls the switch 1n response to the current
signal. |

18. The energy transfer circuit as in claim 11, further
comprising a voltage sensor coupled to the switch con-
troller for generating a voltage signal proportional to
the magnitude of the voltage of the defibrillation pulse
applied to the patient.

19. The energy transfer circuit as in claim 18, wherein
the switch controller is connected to receive the volt-
age signal and controls the switch in response to the
voltage signal.
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20. A cardiac defibrillator circuit for delivering a

cardiac defibrillation pulse to a patient comprising:

a source of electrical energy;

energy storage means for storing energy received
from the source of electrical energy;

a spark gap;

a pair of defibrillation electrodes that are attachable
to the patient;

a patient path that includes the series connection of
the spark gap, the pair of defibrillation electrodes
and the patient through which the cardiac defibril-
lation pulse is delivered to the patient;

switch means for selectively transferring energy from
the energy storage means to the patient path; and

a shunt path disposed in parallel with the patient path
for diverting any leakage current flowing through
the switch means away from the patient path until
the cardiac defibrillation pulse is delivered to the
patient, said shunt path having an impedance that is
less than the impedance of the patient path such
that an electrical potential developed across the
shunt path by the leakage current is less than a
potential required to cause the spark gap to con-
duct electrical current.

21. The energy transfer circuit as in claim 20, wherein

the spark gap is connected between the energy stor-

age means and the pair of defibrillation electrodes.
% % * * %
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